Many methods have been reported for the kinetic determination of iodide, based on its catalytic effects on oxidation reactions, including both oxidation by hydrogen peroxide and aerial oxidation of organic compounds. This paper is part of an investigation on the use sodium pyrogallol-5-sulfonate in kinetic catalytic methods of analysis. 1,2 The synthesis of sodium pyrogallol-5-sulfonate (PS) has been described by Veselinovic et al. 3 The present paper describes the kinetics of the oxidation of this reagent when catalyzed by iodide and the utilization of the reaction for the determination of a little as 10 ng cm -3 I -. This method has high sensitivity and good selectivity when anions are concerned as well. That is why it can be successfully applied to determination of iodide in real samples (mineral water and soil) directly after the elimination of cations, which interfere. The procedure is applied to determination of iodide in natural waters and soil.
Introduction
Many methods have been reported for the kinetic determination of iodide, based on its catalytic effects on oxidation reactions, including both oxidation by hydrogen peroxide and aerial oxidation of organic compounds. This paper is part of an investigation on the use sodium pyrogallol-5-sulfonate in kinetic catalytic methods of analysis. 1, 2 The synthesis of sodium pyrogallol-5-sulfonate (PS) has been described by Veselinovic et al. 3 The present paper describes the kinetics of the oxidation of this reagent when catalyzed by iodide and the utilization of the reaction for the determination of a little as 10 ng cm -3 I -. This method has high sensitivity and good selectivity when anions are concerned as well. That is why it can be successfully applied to determination of iodide in real samples (mineral water and soil) directly after the elimination of cations, which interfere. The procedure is applied to determination of iodide in natural waters and soil.
Experimental

Reagents and chemicals
PS was synthesized by dissolving 3.7833 g of pyrogallol in 100 cm 3 of the sulfuric acid (96%). 3 An 8.8 10 -3 mol dm -3 solution was prepared by appropriate dilution of the Merck pro analysis reagent and was standardized against potassium permanganate solution. The perchloric acid solution (0.12 mol dm -3 ) was prepared from the 70% reagent. An iodide solution (1 mg cm -3 ) was prepared by dilution of a potassium iodide solution that had been standardized by potentiometric titration with silver nitrate. A standard iodide solution (100 ng cm -3 ) was prepared by diluting the stock iodide solution with deionized water.
All the stock solutions were stored in polyethylene containers. The working solutions of iodide, H2O2 and PS were prepared immediately before use.
Apparaturs
A Perkin-Elmer Lambda 15 spectrophotometer, connected to a thermocirculating bath, was used for the measurement. The pH was measured by means of a radiometer PHM 29b pH meter and a combined glass-calomel electrode, GK 2311C. The solutions were thermo-stated at 25 ± 0.1˚C before the beginning of the reaction.
Procedure
Determination of iodide. Selected volumes of reactants were transferred into a 10 cm 3 volumetric flask in the order: PS, perchloric acid and catalyst. Water was added to give the predetermined volume. After the flask was thermostatted for 10 min the solution was then made up to the mark with hydrogen peroxide and vigorously shaken. The spectrophotometer cell was rinsed well and then filled with the solution. The absorbance at 436.8 nm was measured every 30 s over a period 3 -8 min after the addition of hydrogen peroxide. The method of tangents was used and the slope of the linear section of the absorbance-time curve, dA/dt = tan α, was used as a measure of the reaction rate. Determination of iodide in natural waters. Natural waters (1 dm 3 ), which were freshly collected, were transmitted through a cation exchanger. Interference from Fe 2+ , Cu 2+ and Cr 6+ and be effectively suppressed by this procedure (five-fold, pH = 7.8 -8). 4 After these treatments 5 cm 3 was used for the kinetic procedure. Determination of iodide in soil. The samples were decomposed by ordinary wet digesting method as follows: 5 weigh a suitable aliquot of the soil after drying, place it in a beaker, add 10 cm of K2CO3 (30%) to decompose for 60 min at 98˚C and 75 min at 420 -450˚C and heat the solution to near dryness. After cooling, add 30 cm 3 of deionized water. The samples should be filtered through filter and the filtrate should be diluted to 50 cm 3 with deionized water. The filtrate was transmitted through a cation exchanger. After these treatments, 5 cm 3 of the samples was used for the kinetic procedure.
Results and Discussion
Catalytic action of iodide
The absorption spectra of iodide and sodium pirogallol-5-sulfonate in perchloric acid (Fig. 1, curves 1 and 2 , respectively), PS-perchloric acid-hydrogen peroxide (curve 3) and PS-perchloric acid-iodide (curve 4) 1 h after mixing were recorded. No characteristic absorption maxima are seen in the visible part of the spectrum of iodide; PS aqueous is characterized by a slight maximum, which significantly increases in the presence of iodide (at 436.8 nm). Therefore, it can be concluded that iodide acts as a catalyst for PS-hydrogen peroxide oxidation.
The mechanism of this catalytic reaction has not been completely elucidated, but it seems that iodide serves as mediator in the electron transfer.
The oxidation product was not identified. However, PS could be oxidized by electron transfer mechanism to produce a reasonance-stabilised product; 6,7 a quinolinium species seems probable.
Effect of reaction parameters
The influences of perchloric acid, PS and hydrogen peroxide concentrations were studied on the catalytic and non-catalytic reactions, in order to establish optimum conditions for the determination of iodide.
Keeping all other experimental parameters constant, we studied the dependence of perchloric acid concentration on the system in the range 2 × 10 -3 -6 × 10 -3 mol dm -3 (Fig. 2) . It can be seen that the greatest difference between the rates of catalytic and non-catalytic reaction occurs at 2.66 × 10 -3 mol dm -3 , when iodide maximally increases the catalytic reaction rate. For further work, a perchloric acid concentration of 2.66 × 10 -3 mol dm -3 was selected.
The dependence of H2O2 concentration on the reaction rates is shown in Fig. 3 . This shows that, with increasing hydrogen peroxide concentrations, the difference between the rates of the catalytic and non-catalytic reaction increases. Both reactions are first order with respect to the hydrogen peroxide concentration.
For further work, a hydrogen peroxide concentration of 0.32 mol dm -3 was selected.
The dependence of the reaction rates on the concentration of PS is shown in Fig. 4 . This shows that the non-catalytic reaction is first order with respect to the PS concentration, whereas the catalytic reaction is first order with respect to the PS concentration less then 1.32 × 10 -3 mol dm -3 and zero order with respect to the PS concentration up to 1.32 × 10 -3 mol dm -3 . For further work a PS concentration of 1.76 × 10 -3 mol dm -3 was selected.
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Calibration graph
A calibration graph was prepared under the optimal concentrations described above (Fig. 5 ). There was a linear relationship between the tan α and iodide concentration in the range 7.8 × 10 -8 -1.57 × 10 -6 mol dm -3 , or from 10 -200 ng cm -3 of iodide in the set of reaction mixture.
On the basis of our kinetic investigation, we formulated kinetic equations for the oxidation of PS by hydrogen peroxide in presence of iodide as catalyst at constant pH 2.6.
For the catalyzed reaction:
for cPS ≤ 1.32 × 10 -6 mol dm -3 ,
for cPS ≥ 1.32 × 10 -6 mol dm -3 .
The kinetic equation for the non-catalytic reaction under the dx --dt dx --dt same condition may be written as follows:
where k0 and k1 are the relative constants for the catalytic and non-catalytic reactions. It was established that the detection limit was 1.88 ng cm -3 I -, and the determination limit was 6.27 ng cm -3 I -. The accuracy and precision of the measurements are presented in Table 1 . The relative error ranges from 1.2 to 7.2% for iodide concentrations in the range from 10 to 200 ng cm -3 .
The influence of several foreign ions was investigated by 2S (S-standard deviation) criteria, 10 on the determination for a constant iodide concentration of 100 ng cm -3 . In Table 2 , anions and cations usually found in real samples are presented. It may be seen that Cu 2+ , Fe 3+ and Cr 6+ in a 1:1 ratio to iodide interfere. The other ions investigated have practically no influence on the determination of iodide by this method. When the method is applied to an ordinary sample, other anions S 2-SO3 2-, NO2 -, NO3 -, IO3 -are also investigated.
The investigations have shown that these anions do not affect the accuracy of determination of iodide by the new kinetic method. , HClO4 = 2.6 × 10 -3 mol dm -3 , H2O2 = 0.32 mol dm -3 , t = 25 ± 0.1˚C. 12, 13 Method of calibration graph
Method of addition
Determination of iodide in samples
The technique described above was applied to the determination of traces of iodide in natural water and soil samples.
The results obtained on interpolation of a calibration graph and by the standard additions method are given in Table 3 . The results obtained by the present method were compared with those obtained by the known kinetic methods, based on the catalytic effect of iodide on oxidation of O-phenildiamine by hydrogen peroxide in strong acid media, 11 and the catalytic effect on the Ce(IV)-As(III) reaction. 12, 13 The values for natural water and soil samples are in good agreement with those obtained by the known kinetic methods (Table 3) . From these results, the method seems to be applicable to determination of iodide in natural waters and soil.
